The main problem related to the CFC-Cu alloy joints is the large thermal expansion mismatch between the two materials, which generates large RS at the interface during the joining process. These RS can be partially relaxed by the introduction of a very ductile layer of pure copper between the CFC composite and the Cu alloy. CFC/Cu joint can nott be obtained by direct casting of copper on CFC surface, due to zero wettability of CFC for Cu; in fact, the contact angle of molten copper on carbon substrate is about 140°; the C-Cu system is a non-reactive system: C and Cu are not soluble in the solid state and they do not form stable carbides [7] .
To improve the wettability of molten copper on CFC, the surface of the composite was modified by direct solid-state reaction at high temperature between a transition metal of VI B group and the CFC [8, 9] . Different metals from the VI B group (including chromium) were deposited on the CFC surface. The next heat treatment led to the formation of a thin carbide layer (15-20 μm) on the composite surface. The reaction between CFC and a transition metal leads to a composite surface modification: the new modified carbide-based surface is wetted by molten copper. The most desirable form of reaction product between the metal and the composite is a coherent and adherent carbide layer, which can be wetted by copper.
The direct joining of copper to CFC was performed in a special graphite sample holder, where the modified CFC and copper were placed and heated at 1100°C for 1 h, Ar flow. The wetting experiments were performed at 1100°C for 30 min, but the contact angle of molten copper on the substrate did not change after the first two minutes. Optical micrograph (Fig. 1) shows continuous interfaces between Cr carbide and copper and between Cr carbide and CFC: a dense carbide layer (about 10 μm) and a less compact carbide layer (about 10 μm) are clearly observable. The last one is completely infiltrated by copper; in that sense, the wettability of molten copper on CFC substrate is enhanced by the Cr carbide layer.
In spite of the large thermal expansion mismatch between CFC and copper, no cracks are revealed in the composites or at the interface after cooling from copper melting temperature to room temperature, and no limitations are placed to the thickness of the copper layer casting on CFC (up to 5 mm have been successfully cast).
The results of CFC-to-Cu joint development showed that the chromium modification was the best solution to have a good wettability and a strong interface. Some of these samples (19 22 8 × × mm) were successfully brazed to the CuCrZr alloy. The brazing process includes a rapid cooling from 975 (brazing temperature) to 450°C (>1°C/s) and an isothermal treatment at 450°C for 3 h in vacuum. The brazing process is particularly severe for CFC/pure Cu joints; the CFC/Cu joint is submitted to a severe thermal shock due to cooling rate. In fact, cooling from the braze cycle temperature produces high residual stresses that can promote subsequent cracking during service. As mentioned above, the intermediate ductile layer of pure copper between CFC and CuCrZr alloy is introduced to minimize thermal expansion mismatch ( . , Nevertheless, the problem is not solved completely because the thermal expansion coefficient for pure copper is the same as for CuCrZr alloy (α Cu C = ⋅°− − 16 6 10 6 1 . ), and reasons for RS formation in CFC-to-Cu joint remain. To investigate RS in the composite jointed to copper and determine PECT influence on change of RS, specimens with dimensions 9 9 30 × × mm were manufactured (pure Cu-layer was 3 9 30 × × mm).
Basics of Experimental-Calculation Procedure for RS Evaluation. Destructive (slotting) method for determination of RS distribution was chosen at the fulfillment of this investigation. According to the method, controlled step-by-step removal or slotting of the material from the one side and registration of corresponding elastic deformations on the opposite side is used. The RS existing in the removed material then can be calculated from the measured deformations (strains). This is the fundamental basis for the destructive measurement methods [10] . The measured deformation at a given point in the material depends on all the stresses within the removed material. The simplest way to determine such relation is a modeling using finite element method (FEM). In our case, RS distribution in CFC-layer can be determined by step-by-step slotting of CFC and congruous measuring of the strains on the opposite side (on free surface of Cu-layer). 
